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Thyroid Neoplasia from Internally Deposited Radionuclides

Interpretation of the effects of internally deposited 131I and other
iodine radionuclides has been complicated by dosimetric problems (Du80).
From 73 to 96% of the energy absorption from these nuclides is from beta
particles (NCRP85), and the fraction of energy absorbed within the gland
depends critically on gland size and geometry and on the beta particle
energy. For example, it is estimated that about 70% of the total beta
energy from resident 131I is absorbed in the thyroid gland of a mouse or
rat, 90% in a human infant gland, and >95% is absorbed in an adult human
gland. Because of geometric considerations, follicular cells near the gland
surface will absorb only 35-40% of the 131I beta dose delivered to cells in
the center of a mouse thyroid (Du80).

The issue is further complicated by biological factors. About 90% of
the iodine in the thyroid is contained in the colloid in the follicular lumena.
The efficiency of iodide uptake differs among follicles, as does the efficiency
of hormone secretion. Thus, relative dose distribution varies from follicle
to follicle and over time. Dose is also a function of electron energy at the
cellular as well as the glandular level. The low-energy electrons released
by 125I decay in colloidal TG deposit most of their energy at the lumenal
end of the follicular cell, with little reaching the nucleus located at the
basal pole. Finally, total dose depends on the resident time of the nuclide
within the gland. This in turn is a function of dietary iodine content and
hormonal status.

These factors, coupled with limited numbers of measurements of nu-
clide concentrations over time, small and variable numbers of animals, use
of various goitrogens or diets as promoters, and the lack of standardization
of rat age, sex, strain, and husbandry, render quantitative interpretations
and comparisons of the earlier experimental data difficult (NCRP85). Es-
timates of the relative effectiveness per unit of radiation dose from 131I
varied from l/15th to 1/2 of that from external x-irradiation in the older
experimental literature (Du80, NCRP85).

The effects of internally deposited radioiodides have been investigated
in three categories of human subjects: patients who received relatively
large therapeutic doses of 131I (Do74, Ho84a, Ho84b, HoSOa), patients
who received much smaller doses of 131I for diagnostic purposes (Ho80b,
HoSOc, Ho88), and those on the Marshall Islands who were exposed
to iodine radionuclides in fallout from a bomb test (Co80, Co84). The
majority of subjects who received therapeutic 131I were suffering from
thyrotoxicosis. In this disease, the rate of thyroid hormone synthesis and
release is accelerated, and thyroid stimulating hormone (TSH) or long-
acting thyroid-stimulating protein (LATS) is generally elevated. Hence, the
maximum 131I uptake by the thyroid is increased and the residence time